Background: This study examines relations between parent and youth physical activity (PA; days per week), sports participation, and overweight (BMI ≥ 85th percentile) among U.S. youth, and whether this relationship varies by immigrant generation and sex. Methods: Participants included 28,691 youth ages 10-17 years from the 2007 National Survey of Children's Health. Youth were grouped into first, second, and third or higher generation. Primary analyses include Chi-square and post hoc tests to assess mean differences, and adjusted logistic regressions to test associations between weight status and independent variables. 
Childhood obesity and its associated comorbidities are a major global health challenge of the 21st century. Obesity in childhood and adolescence appears to track into adulthood, 1,2 increasing adult risk of diabetes, stroke, cardiovascular disease and cancer. 3 The fastest growing segment of the U.S. child population is children of immigrants-that is, immigrant children and U.S.-born children having at least 1 immigrant parent. 4 Previous studies on immigrant populations have shown an association between increasing generational status/length of residence in the U.S. and higher rates of obesity in some racial/ethnic groups. [5] [6] [7] [8] [9] [10] [11] One such study found that first generation immigrant children had 26% lower odds of obesity than native-born children. Despite the importance of this growing population, very little is known about the correlates of overweight among children of immigrants, and how those compare with subsequent generations of children in the U.S.
A well-known relationship exists between physical inactivity, overweight, and the development of chronic disease. 12, 13 Recent reports indicate that only 34.7% of children and adolescents in the U.S. participate in regular vigorous physical activity. 14 Furthermore, evidence suggests that physical activity varies by generational status in children and adolescents. [15] [16] [17] Overall, these studies suggest that first and/or second generation children were significantly less physically active than third generation children. Therefore, while many U.S. children are not meeting the recommended physical activity guidelines, many U.S. children of immigrants have even lower rates of physical activity than third generation children. Further, studies have also found lower rates of sports participation in children of immigrants. 16, 18 To the author's knowledge, no studies have examined the interaction effects of immigrant generation and physical activity on youth overweight.
Previous studies have indicated a relationship between parent physical activity and child sex on child's physical activity and weight status. [19] [20] [21] [22] One study extensively reviewed the literature and demonstrated that parent physical activity has been shown to positively influence child physical activity; 19 however, little research exists which examines the influence of parent physical activity on child weight status. In addition, while the home environment can be considered the most important setting to shaping children's eating and physical activity behaviors, 23 it is unclear whether these same effects are present for immigrant families. Physical activity and overweight in children and adolescents has been shown to vary by sex; [20] [21] [22] however, this relationship has not been fully explored by youth immigrant generation. A recent report shows that boys are more overweight than girls; moreover, these estimates differ by age and race/ethnicity. 20 Child sex has also been indicated as an important factor that influences physical activity in some racial/ ethnic groups. 24 Research is needed to explore whether this relationship persists across immigrant generation.
In sum, it is unclear whether the association between physical activity and overweight differs based on immigrant generation and sex among youth in the U.S. Furthermore, the influence of parent physical activity on youth's weight status has not been explored. Using a nationally-representative sample, the objectives of this study were to 1) examine the ways in which youth overweight was independently associated with parent and youth physical activity and youth sports participation and 2) assess whether these relationships vary by immigrant generation and sex.
Methods

Data and Participants
We used extant data from a nationally-representative sample of youth from the 2007 National Survey of Children's Health (NSCH). This random-digit-dial survey was conducted by the Health Resources and Services Administration's Maternal and Child Health Bureau and the Centers for Disease Control and National Center for Health Statistics. The survey includes data on physical, emotional, and behavioral health indicators for children ages 2-17 in the U.S. Details on the survey design are described elsewhere (www.nschdata.org). 25 In the current study, only youth ages 10-17 years were included in the analyses (N = 45,897). Furthermore, youth were excluded if they had missing data on immigrant generation (n = 5219), BMI category (n = 3185), youth physical activity (n = 323), mother (n = 1514) and/or father (n = 6935) physical activity, sports participation (n = 10), and all covariates of interest [youth age (n = 0), sex (n = 0), race/ethnicity (n = 0), household poverty level (n = 0), and household education level (n = 20)], resulting in a final, unweighted sample of 28,691 youth.
Measures
Grouping Variable: Immigrant Generation. Youth's immigrant generation was based on parental report of whether the youth and his/her parents were born in the United States. Following recommendations from the Institute of Medicine report on immigrant children, 26 we defined first generation children as those born outside of the U.S., second generation children as those born in the U.S. of at least 1 immigrant parent, and third or higher generation children as those born in the U.S. of U.S.-born parents; this categorization has been used in previous studies. 15, 17, 27 Independent Variables: Youth Physical Activity. Parents reported the number of days in the past week that their child exercised, played a sport, or participated in physical activities for ≥ 20 minutes that made him/her sweat and breathe hard (eg, basketball, running or fast bicycling).
Independent Variables: Sports Participation. Youth sports participation was assessed by parental report with the question: "During the past 12 months, was the study child on a sports team or did he/she take sports lessons after school or on weekends?" (yes/no). 28 Youth were classified as overweight at BMI ≥ 85th percentile, and nonoverweight at BMI < 85th percentile but > 5th percentile.
Statistical Analyses
Proportions and means were weighted to provide estimates for the population of youth living in the United States by immigrant status. Bivariate associations between the outcome (overweight status) and correlates of overweight by immigrant generation were assessed using Chi-square tests and post hoc difference in means were assessed using Wald tests. Adjusted associations between weight status and independent variables including youth physical activity, parent physical activity, and youth sports participation were assessed using logistic regression. Covariates household poverty level and education, and youth age, sex, and race/ethnicity were included in all models. The logistic regression model was stratified by immigrant generation and run separately using weight status as an outcome. Because overweight/obesity and its correlates differ by sex, 20, 21, 29, 30 youth sex was assessed as a moderator across immigrant generation. The sex by immigrant generation interaction term was assessed for the model. If the model was found to have a significant interaction term, subgroup analysis by sex was examined.
All data analyses were completed in 2010 using STATA 9.1 (Stata Corporation, College Station, TX). The NSCH dataset includes stratum identifiers (State) and sample weights to account for "adjustments for multiple-telephone households, unit nonresponse, and noncoverage of nontelephone households, as well as adjustments to known population control estimates." 31 STATA survey procedures were used to account for the complex survey design and to obtain robust standard errors. All tables displayed in the Results represent unweighted Ns; however, all parameter estimates and standard errors represent weighted estimates.
Results
Sociodemographics by Immigrant Generation
Weighted sample descriptives by immigrant generation can be found in Table 1 . For the entire sample, the average age was 13.6 years, and approximately 51% were male. The majority of first generation youth were Hispanic (54.4%), followed by 'Other race,' non-Hispanic (21.4%), and White, non-Hispanic (13.6%). Most second generation youth were White, non-Hispanic (44.6%) or Hispanic (35.5%), whereas 78.5% of the youth from the third generation were White, non-Hispanic, 9.2% were Black, non-Hispanic, and 7.31% were Hispanic.
For all U.S. youth ages 10-17 years old, approximately 30% were considered to be overweight. Examining the prevalence of overweight across generations, 33.6% of first generation youth, 35.8% of second generation youth and 29.2% of third generation youth were overweight. Chi-squared tests revealed that second generation youth were significantly more likely to be overweight than third generation youth (P < .05); there were no other significant differences between generations in overweight.
A significantly greater proportion of first (P < .001) and second (P < .01) generation youth had a household poverty level <100% the Federal Poverty Line than those third generation youth. Furthermore, a significantly lower proportion of first generation youth lived in households at 400% of the Federal Poverty Line compared with second and third generation youth (P < .001 for both comparisons). In terms of household employment status, first generation youth reported significantly lower proportions of anyone in the household working 50 of the past 52 weeks, compared with second (P < .01) and third (P < .001) generation youth. Table 2 presents the unadjusted correlates of overweight by immigrant generation for overweight and nonoverweight youth. Overall, youth were physically active an average of 4.3 days/week, while mothers and fathers were physically active an average of 2.8 and 3.3 days per week, respectively. Furthermore, nearly two-thirds of all youth participated in sports after school or on the weekends.
Correlates of Overweight by Immigrant Generation
Marked differences were observed by immigrant generation in the correlates of overweight. First generation youth reported fewer days of physical activity per week, when compared with second (P < .05) and third generation youth (P < .05). Descriptively, third generation youth had the highest rates of physical activity. Mothers of third generation youth were significantly more physically active than mothers of first and second generation youth (P < .05 for both comparisons). Fathers of third generation youth were also more physically active than fathers of second generation youth (P < .05). There was no difference in mother or father physical activity between first and second generation youth (results not in table) .
When comparing the correlates of overweight by weight status (overweight vs. nonoverweight) across immigrant generation, the number of days youth were physically active per week varied significantly between overweight and nonoverweight youth for third generation youth ( Table 2) . That is, nonoverweight third generation youth were more likely to be physically active compared with their overweight counterparts (P < .0001). Third generation overweight youth were less likely to participate in sports compared with nonoverweight youth (P < .0001). No significant differences were found between overweight and nonoverweight first or second generation youth for physical activity or sports participation.
The association between parent physical activity and youth weight status also varied across generations ( Table 2 ). Second generation overweight youth had mothers who were less physically active than second generation nonoverweight youth (P < .05); no other significant differences in mother physical activity were found for overweight vs. nonoverweight youth in the first or third generations. There were no significant differences between youth weight status and fathers' physical activity level for first, second, or third generation youth. Although sports participation and father physical activity for first and second generation youth appear to be practically different between overweight and nonoverweight groups, it is possible that relatively larger standard errors and a smaller sample size limit statistical significance. Note. All parameter estimates were weighted. All values are means except for the 'Sports Participation' variable (%). Different superscripts (eg, 'a,' 'b') indicate that means or percentages are significantly different at the P < .05 level within each immigrant generation. Absence of superscript indicates nonsignificance. Overweight was defined as BMI ≥ 85th percentile; Non-OW was defined as BMI < 85th percentile but > 5th percentile. Note. Stratified logistic regression analyses were weighted and adjusted for youth age, sex, and race/ethnicity, and household education and poverty level. The reference group included youth who did not participate in sports or youth/mothers/fathers who did not engage in an additional day of physical activity. Boldface type indicates significance.
Adjusted Odds of Overweight by Immigrant Generation
Abbreviations: PA, physical activity.
* P < .05; ** P < .01; *** P < .0001; + P < . 
Discussion
The purpose of this study was to examine the ways in which youth overweight was independently associated with parent and youth physical activity, and youth sports participation, and whether these relationships varied by immigrant generation and sex in a national sample of youth. Results revealed there were marked differences in the association between physical activity and weight status by immigrant generation and sex. The greatest protection was evident for third generation youth, regardless of sex, such that higher levels of participation in daily physical activity reduced the odds of being overweight by 10%. Physical activity, however, did not prove to be protective against being overweight in first and second generation youth in this study. In contrast, sports participation reduced the odds of being overweight by 70% for first generation boys, and by more than 20% for third generation girls. The results from this study suggest that while sports participation is lowest in foreign-born (first generation) youth, sports are particularly protective against overweight in foreign-born boys. Limited language proficiency on the part of some immigrant parents 32 and the demanding work schedules that low-income immigrant parents often face may compromise their ability to help their children access sport and physical activity resources. Furthermore, contextual factors such as neighborhood safety, availability of recreational facilities, and proximity to parks in immigrant neighborhoods are likely to impact both the physical activity of immigrant parents and their children. 16, 33, 34 It is possible that participation in sports is a proxy for a number of unmeasured variables, including parental characteristics (eg, social support, trust of services) and access to neighborhood/community resources (eg, interpreters, immigrant social service agencies, demographic composition of the neighborhood) that facilitate sports participation. Thus, these unmeasured variables may (in combination with sports participation, or by themselves) protect against overweight in youth. Attention to these broader factors represents a promising level of intervention in addressing the obstacles that the children of immigrants face in engaging in physical activity and sports.
Our finding that sports participation is associated with generational status converges with results from other studies. A study using data from the 2003 Survey of Children's Health, for instance, reported that 6-to 11-year-old Hispanic children's participation in physical activity and sports was lowest among first generation, non-English speaking children and increased with generational status. 17 In a similar study of immigrant youth ages 6-17 years, immigrant children were reported to have higher levels of physical activity and lower levels of participation in sports than U.S.-born children. 16 These findings highlight the need to design programs to support children's participation in physical activity and sports as an effort to reduce the prevalence of obesity in foreign-born youth. They also call for a deeper understanding of the structural factors that shape the patterns outlined above.
To the author's knowledge, no published studies have explored risk of overweight by youth physical activity and sports participation by immigrant generation and youth sex. While participation in physical activity was protective against being overweight in third generation boys and girls, it is unclear why sports participation emerged as protective only for first generation boys and third generation girls. Gender socialization may shape parents' perceptions about differences in the roles that males and females should adopt and in turn influence the extent to which they differentially encourage physical activity in their children. Some authors [35] [36] [37] have suggested that daughters in working-class immigrant families may need to take on more responsibility at home (eg, household chores, language brokering); thus, opportunities to participate in physical activity outside of household chores may be more limited for girls than for their male counterparts. However, further research is needed to develop a more nuanced understanding of how sex, class, and immigrant status intersect to shape the availability and access to physical activity opportunities. In addition, it is possible that by the third generation, there are several additional extracurricular activities competing for youth's time, such that girls who participate in sports are much more active than their nonparticipating, third generation counterparts, which may explain the protection conferred by sports participation.
To our knowledge, this is also this first study to examine the influence of parent physical activity on youth risk for overweight by immigrant generation and by sex. Results from previous studies have shown that parental physical activity or inactivity is a powerful predictor of child activity and a correlate of overweight. 19, [38] [39] [40] [41] However, parental physical activity did not significantly emerge as a protective factor against obesity in any groups. Mothers' physical activity was shown to be significantly protective of overweight in second generation girls; however, this association was reduced to a trend once we accounted for differences in parental education. This trend may reflect mothers' attempts to model healthy physical activity behaviors for their children; this modeling influence has been shown in other studies, 19, 38 however, no published studies exist that examined this association by immigrant generation. Immigrant mothers who model physical activity for their daughters may influence daughters' physical activity in ways that produce an especially protective effect on girls' risk of overweight.
This study is not without limitations. The data for this study are based on parental report, including youth height and weight, and other correlates of overweight. Furthermore, it is possible that unmeasured variables, such as literacy, or issues related to the language in which the survey was administered, may have influenced the ways in which parents understood and responded to questions. However, the parent reports are comparable with the child self-reported estimates from the 2009 Youth Risk Behavior Survey. 42 There was no information available in the dataset based on country of origin or other markers of immigrant integration such as age of migration, legal status, or citizenship. Future population-based studies should gather additional demographic data, such as country of origin, as well as other immigration-relevant variables, to give a more complete picture of the heterogeneity that exists within these populations. 43, 44 Moreover, while logistic regression analyses controlled for race and ethnicity, it is possible that the results vary across immigrant racial and ethnic subgroups. Due to the small sample size of the first generation group, and the fact that the results were stratified by immigrant generation and youth sex, we were not able to explore racial/ethnic differences in the current study. More studies are needed to determine whether the current study results vary by race/ethnicity and socioeconomic position, and to shed light on how familial, neighborhood, and other contextual factors might help explain the patterns described in this paper. Qualitative studies might also be particularly helpful in advancing our understanding of how sex, class, and immigrant status intersect to shape health outcomes among children of immigrants.
In sum, the current study contributes to our understanding of the determinants of youth's physical activity-with particular attention to immigration and sex. The finding that sports participation was particularly protective against overweight in first generation youth highlights the need to devote attention to efforts to increase participation in sports for recent immigrant children. Unlike the findings previously noted for adult populations, increasing length of residence in the U.S. did not result in lower rates of positive health behavior. On the contrary, third generation youth were reported to have significantly lower rates of overweight than second generation youth. Furthermore, third generation youth had significantly higher reported rates of physical activity than first generation youth (F = 44.84; P < .0001, results not shown in tables). Both participation in leisure-time physical activity as well as involvement in more organized sports activities offered protection against overweight. Overall, physical activity is important for all youth, regardless of immigrant generation.
